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METHOD FOR MANUFACTURING LITHIUM
HYDROXIDE AND METHOD USING SAME

FOR MANUFACTURING LITHIUM
CARBONATE

TECHNICAL FIELD

A method of manufacturing lithium hydroxide and a
method of manufacturing lithium carbonate using the same
are disclosed.

BACKGROUND ART

Currently, lithium 1s being diversely applied to recharge-
able battery, glass, ceramic, alloy, lubricant, and pharma-
ceutical industries. In particular, rechargeable lithium bat-
teries have recently been receiving attention as a main power
source for hybrid and electric cars. Further, the market for
conventional compact batteries for cell phones and note-
books 1s expected to continually grow approximately one-
hundred times larger.

In addition, lithium has been increasingly applied to
clectrical, chemical, and energy fields as well as hybrid and
clectric car industries due to a global movement towards
more stringent environmental regulations. Thus, domestic
and foreign demand for lithium 1s expected to be dramati-
cally increased.

Lithium may be obtained from minerals, brine, seawater,
and the like as a main source. Although mineral sources such
as spodumene, petalite, and lepidolite contain lithium 1n a
relatively large amount ranging from approximately 1 to
1.5%, the lithium 1s extracted through a complicated process
such as floatation, calcination at a high temperature, grind-
ing, acid mixing, extraction, purification, concentration, and
precipitation. These processes are cost-ineflective because
of high energy consumption and also cause severe environ-
mental pollution due to the use of acids during the lithium
extraction.

In addition, approximately 2.5x10"" tons of lithium are
reported to be dissolved in seawater, and 1s extracted by
iserting an extraction device containing an absorbent into
the seawater, selectively absorbing the lithium, and treating
the absorbed lithium with acids. However, since the lithium
1s contained 1n a concentration of only 0.17 ppm 1n seawater,
this technology of directly extracting lithium from seawater
1s extremely neflicient and uneconomical.

Due to the atorementioned disadvantages, lithium is cur-
rently extracted from brine produced from natural salt lakes,
but salts such as Mg, Ca, B, Na, K, SO,, as well as the
lithium are also dissolved in the brine.

Further, lithium 1s contained 1n the brine in a concentra-
tion ranging from approximately 0.3 to 1.5 g/, and 1s
usually extracted 1n a form of lithium carbonate having
solubility of about 13 g/L.. Even assuming that lithium
contained in the brine 1s completely converted to lithium
carbonate, the lithium carbonate 1s contained 1n a concen-
tration of 1.59 to 7.95 g/L 1n the brine (since L1,CO; has a
molecular weight of 74 and L1 has an atomic weight of 7, the
concentration of lithium carbonate can be estimated by
multiplying the concentration of Iithium by 5.3
(74+14=~5.3)). However, since the concentration of the
lithium carbonate 1s mostly lower than 1ts solubility, the
extracted lithium carbonate 1s re-dissolved and thus has an
extremely low lithium recovery rate.

Conventionally, 1n order to extract lithium carbonate from
lithium contained 1n brine, the brine was pumped from a
natural salt lake, stored in an evaporation pond, and subse-
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quently naturally evaporated outdoors over a long period of
time, for instance, for several months to about one year, to
concentrate the lithium by several tenfold. Then, the lithium
carbonate was retrieved 1n an amount greater than or equal
to 1ts solubility after precipitating and removing the impu-
rities such as magnesium, calcium, and boron therein.

For i1nstance, Chinese Patent Pub. No. 1,626,443
describes a method of extracting lithium using brine con-
taining concentrated lithium with a low amount of magne-
sium by evaporating and concentrating the brine under solar
heat and repetitively electro-dialysizing it.

However, such a conventional method requires much time
for evaporation and concentration of the brine and thus 1s
unproductive, especially during rainy seasons. Further, the
loss of lithium 1s unavoidable, when lithium 1s extracted
along with other impurities 1n the form of a salt.

In addition, the extracted lithium requires an additional
cost and much of energy in order to be converted nto a
practical form.

DISCLOSURE
Technical Problem

According to one embodiment of the present invention, a
method of manufacturing lithtum hydroxide and a method of
manufacturing lithium carbonate using the same in order to
obtain lithium hydroxide and lithium carbonate with a low
cost are provided.

In addition, the method of manufacturing lithium hydrox-
ide and the method of manufacturing lithium carbonate
using the same may be environmentally friendly.

In accordance with one embodiment of the present inven-
tion, the methods need no evaporation and concentration of
brine for a long period and may economically extract lithium
with a high recovery rate, since the lithium dissolved in the
brine 1s extracted using lithtum phosphate with low solubil-

1ty.

Technical Solution

In accordance with one embodiment of the present inven-
tion, a method of manufacturing a lithium hydroxide aque-
ous solution 1s provided, which includes: preparation of a
lithium phosphate aqueous solution including lithium phos-
phate particles; addition of a phosphate anion precipitation
agent to the lithium phosphate aqueous solution; and pre-
cipitation of a sparingly soluble phosphate compound by
reacting cations of the phosphate anion precipitation agent
with anions of the lithium phosphate.

The sparingly soluble phosphate compound may have
lower solubility 1n water than the lithtum phosphate.

The phosphate anion precipitation agent may be an oxide
hydroxide.

The phosphate anion precipitation agent may include
cations of an alkaline-earth metal.

The phosphate anion precipitation agent may include
cations of calctum, strontium, barmum, radium, beryllium,
magnesium, or a combination thereof.

The phosphate anion precipitation agent may be calcium
hydroxide.

The sparingly soluble phosphate compound may be
hydroxyapatite.

The lithium phosphate particles in the lithtum phosphate
aqueous solution may have a particle diameter ranging from

about 0.01 um to about 40 um.

or
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The lithrum phosphate particles may have a surface area
ranging from about 1.0 m*/g to about 100 m*/g.

The phosphate anion precipitation agent may be added in
an amount ol greater than or equal to about 1 equivalent
based on the amount of the lithtum phosphate 1n the lithium
phosphate aqueous solution.

The lithium phosphate aqueous solution including lithtum
phosphate particles may have a lithium phosphate concen-
tration of greater than or equal to about 0.01 The “%” may
denote “wt %.”

The method may further include separation of the pre-
cipitated sparingly soluble phosphate compound from a
lithium hydroxide aqueous solution.

The method may further include concentrating the sepa-
rated lithium hydroxide aqueous solution using reverse
0SMOs1S.

The concentrated lithium hydroxide aqueous solution
may have a concentration of greater than or equal to about
9000 ppm.

The lithium phosphate may be obtained by adding a
phosphorus-supplying material to a lithium-containing solu-
tion and extracting lithium dissolved therein into lithium
phosphate.

The phosphorus-supplying material may include at least
one selected from phosphorus, phosphoric acid, or phos-
phate.

The lithium-containing solution may be brine.

The method may further include separation of impurities
including magnesium, boron, or calcium included in the
brine before precipitating lithium dissolved therein into
lithium phosphate by adding the phosphorus-supplying
material to the brine.

Furthermore, the method may 1nclude obtaining lithium
carbonate by reacting the separated lithium hydroxide aque-
ous solution with a carbonation gas or a carbonate-contain-
ing material.

Advantageous Effects

According to one embodiment of the present invention,
are provided a method of manufacturing lithium hydroxide
and a method of manufacturing lithium carbonate using the
same with a low energy cost are provided. Specifically, the
methods may decrease high establishment and maintenance
costs (e.g., an amount of consumed electricity).

In addition, the method of manufacturing lithium hydrox-
ide and the method of manufacturing lithium carbonate
using the same may be environmentally friendly.

In accordance with an embodiment of the present inven-
tion, lithium dissolved in brine may be economically
extracted with a high recovery rate by using lithium phos-
phate having low solubility without evaporating and con-
centrating the brine for a long period of time.

DESCRIPTION OF DRAWINGS

FIG. 1 1s a schematic view showing overall structure of a
carbonation device according to one embodiment of the
present mvention.

FIG. 2 shows lithtum concentration measurement data of

an example and a comparative example.
FIG. 3 shows XRD data of lithium carbonate according to
an example.

DESCRIPTION OF SYMBOLS

1: storage tank
2: carbonation reaction tank
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3: droplet spray umit

4: high-pressure pump

5. droplet spray nozzle

6: carbonation gas storage tank
7. carbonation gas supplying unit
8: pressure measuring unit

9: carbonation gas supply valve
. pressure control valve

. safety valve

: pH measuring unit

. alkali solution input pump

. alkali solution input nozzle
. slurry agitating unit

. level measuring unit

. rotary dump valve

: vacuum valve

MODE FOR INVENTION

Exemplary embodiments of the present invention will
hereinafter be described 1in detail. However, these embodi-
ments are only exemplary, and the present invention 1s not
limited thereto.

According to one embodiment of the present invention,
provided 1s a method of manufacturing a lithtum hydroxide
aqueous solution, which includes preparing a lithium phos-
phate aqueous solution including lithrum phosphate par-
ticles, adding a phosphate anion precipitation agent to the
lithium phosphate aqueous solution, and precipitating a
sparingly soluble phosphate compound by reacting cations
ol the phosphate anion precipitation agent with anions of the
lithium phosphate.

The lIithrum phosphate (L1,PO,) has solubility of about
0.39 ¢/ (at 20° C.) and 1s dissolved in water 1n a relatively
small amount. Accordingly, the lithium phosphate may be
converted 1into a material with high solubility such as lithium
hydroxide and the like 1n a method of dissolving the lithium
phosphate 1n acid and then adding an alkal1 such as NaOH
and the like thereto, an electrolysis method, and the like.

According to one embodiment of the present invention, a
lithium hydroxide aqueous solution may be prepared by
adding a phosphate anion precipitation agent to a lithium
phosphate aqueous solution including lithium phosphate
particles and precipitating a sparingly soluble phosphate
compound.

The sparingly soluble phosphate compound has lower
solubility 1n water than the lithium phosphate.

The method of manufacturing a lithium hydroxide aque-
ous solution according to one embodiment of the present
invention will be illustrated using calctum hydroxide as one
example of the phosphate anion precipitation agent.

The method according to the embodiment of the present

invention may be performed according to the following
Reaction Scheme 1.

3Li;PO,+5Ca(OH),—Cas(PO,);.0H

(precipitation)+9L1"+90OH™ [Reaction Scheme 1]

In other words, when lithium phosphate and calcium
hydroxide are partly dissolved in water, Ca** ions react with
phosphate anions (PO,>") produced from the lithium phos-
phate, precipitating a stable sparingly soluble phosphate
compound (e.g., hydroxyapatite).

When the sparingly soluble phosphate compound 1s pre-
cipitated, L1* and OH™ are left in the solution, obtaining a
lithium hydroxide aqueous solution.

In addition, when the sparingly soluble phosphate com-
pound keeps being precipitated, the Li™ and OH™ are increas-
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ingly concentrated 1n the solution, obtaining a highly con-
centrated lithium hydroxide aqueous solution.

According to the specific embodiment of the present
invention, the lithium phosphate and the calcium hydroxide
are sparingly soluble compounds respectively having solu-

bility 01 0.39 g/IL and 1.73 g/ and are thus stable. However,

since hydroxyapatite has very lower solubility and 1s more
stable than the lithium phosphate and calcium hydroxide, the
reaction scheme 1 may proceed as a forward reaction. The
hydroxyapatite 1s known to have solubility that 1s very close
to O g/ when 1ts pH 1s increased.

The phosphate anion precipitation agent may be an oxide
or hydroxide. More specifically, the phosphate anion pre-
cipitation agent may produce OH™ and may simultaneously
be bonded with phosphate anions produced from the lithium
phosphate and produce a sparingly soluble phosphate com-
pound.

For example, the phosphate anion precipitation agent may
include cations of an alkaline-earth metal.

For example, the phosphate anion precipitation agent may
include cations of calcium, strontium, barium, radium,
berylllum, magnesium, or a combination thereof, but 1s not
limited thereto.

For example, the phosphate anion precipitation agent may
include Ca(OH),, Mg(OH),, and the like. In addition, the
phosphate anion precipitation agent may include CaO and
the like. The CaO may be obtained by heating CaCO;. When
water 15 added to the CaO, Ca(OH), may be produced.

When the phosphate anion precipitation agent 1s calctum
hydroxide, the sparingly soluble phosphate compound may
be hydroxyapatite.

When the obtained hydroxyapatite 1s treated with sulfuric
acid, gypsum (5CaS0O,.2H,O) 1s precipitated, recovering
phosphoric acid (H,PO,).

The phosphoric acid may be reused to obtain lithium
phosphate of the present invention. Accordingly, the method
1s environmentally friendly and economical.

The lithtum phosphate particles 1n the lithium phosphate
aqueous solution may have a particle diameter ranging from
about 0.01 um to about 40 um. In addition, the lithium
phosphate particles may have a surface area ranging from
about 1.0 m*/g to about 100 m*/g. When the lithium phos-
phate particles satisly the ranges, the sparingly soluble

lithium phosphate may be more effectively partly dissolved
in water.

The phosphate anion precipitation agent may be included
in an amount of greater than or equal to about 1 equivalent
based on the amount of the lithtum phosphate 1n the lithium
phosphate aqueous solution. Specifically, the phosphate
anion precipitation agent may be included in an amount of
greater than or equal to about 2 equivalents. The phosphate
anion precipitation agent included within the range may be
advantageous 1n terms of reaction speed.

In addition, the method of manufacturing a lithium
hydroxide aqueous solution may be performed at room
temperature. Specifically, the method may be performed at
a temperature of greater than or equal to about 20° C., about
30° C., about 30° C., or about 90° C. When the temperature
becomes higher, reaction efliciency may be improved.

In this specification, “room temperature” denotes a tem-
perature not being changed by external energy and thus may
be various depending on time and space.

The lithium phosphate aqueous solution 1including lithtum
phosphate particles may have a lithtum phosphate concen-
tration of greater than or equal to about 0.01%. When the
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lithium phosphate concentration 1s within the range, lithium
hydroxide may be more efliciently manufactured. The “%”
may denote “wt %”.

The method may further include separation of a precipi-
tated sparingly soluble phosphate compound from the
lithium hydroxide aqueous solution.

The separated lithtum hydroxide aqueous solution may be
concentrated through reverse osmosis. The separated lithium
hydroxide aqueous solution 1n general may have a concen-
tration ol about 5000 ppm. However, the lithtum hydroxide
aqueous solution may be more concentrated in order to be
converted into lithium carbonate.

The reverse osmosis 1s one of various concentration
methods, but the present invention 1s not limited thereto.

The concentrated lithium hydroxide aqueous solution
may have a concentration of greater than or equal to 9000
ppm. When the concentrated lithrum hydroxide aqueous
solution has a concentration within the range, the lithium
hydroxide aqueous solution may be easily converted into
lithium carbonate as aforementioned.

The lithium phosphate may be obtained by adding a
phosphorus-supplying material to a lithium-containing solu-
tion to extract lithium dissolved therein into lithtum phos-
phate.

As described above, lithium carbonate (L1,CO;) has
solubility of approximately 13 g/ and thus may be dis-
solved 1n a relatively large amount 1n the water. Accordingly,
lithium 1s difficult to extract from a lithium-containing
solution such as brine, because the lithium i1s dissolved 1n an
extremely small concentration of 0.5 g/LL to 1.5 g/LL (corre-
sponding to 2.65 to 7.95 g/LL when converted into lithium
carbonate). Even 1f the lithium carbonate 1s produced by
adding sodium carbonate to the lithium-containing solution,
most of the lithium carbonate 1s re-dissolved.

On the other hand, since lithium phosphate (L1,PO,) has
very much lower solubility of about 0.39 g/I. than the
lithium carbonate, lithium dissolved 1n a concentration rang-
ing from about 0.5 to about 1.5 g/IL (corresponding to an
amount of about 2.75 to about 16.5 g/l when converted into
lithium phosphate) may be easily extracted 1nto solid lithium
phosphate by adding a phosphorous-supplying material to
the lithium-containing solution.

The extraction of lithium as lithium phosphate from the

lithium-containing solution (e.g., brine) 1s based on 1nsolu-
bility of the lithium phosphate.
Then, a method of manufacturing lithium hydroxide by
adding a phosphate anion precipitation agent (e.g., calcium
hydroxide) to a lithum phosphate aqueous solution to
precipitate a sparingly soluble phosphate compound (e.g.,
hydroxyapatite) 1s performed by using a more stable spar-
ingly soluble phosphate compound than the sparingly
soluble lithium phosphate.

In other words, this method 1s based on the property of
lithium phosphate that 1t 1s sparingly soluble but stmultane-
ously 1s partly dissolved 1in water.

The hithtum-contaiming solution may have a lithium con-
centration of 0.1 g/LL or more. More specifically, the con-
centration may be 0.2 g/ or more, or 0.5 g/LL or more. A
concentration of 60 g/I. or more, however, may not be
economical because a great amount of cost and time 1s
required for the high-enrichment of lithium.

The phosphorous supplying material selected from the
group consisting ol phosphorous, phosphoric acid, phos-
phate, and a mixture thereof 1s added to the lithium-con-
taining solution to produce lithium phosphate. In addition, in
order for the lithium phosphate to be extracted in a solid
state without being re-dissolved, the concentration (disso-
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lution concentration 1 the lithium-containing solution)
should be 0.39 g/L or greater.

However, when the phosphorus-supplying material 1s a
compound changing pH of a lithium-contaiming solution
(e.g., phosphoric acid), pH of the lithium-containing solu-
tion becomes lower and may re-dissolve the extracted
lithium phosphate. Accordingly, the redissolution of the
lithium phosphate may be prevented by using hydroxide
ions with the phosphorus-supplying material.

The phosphate may be potassium phosphate, sodium
phosphate, ammonium phosphate (for example, the ammo-
nium phosphate may be (NR,),;PO., wherein R 1s indepen-
dently hydrogen, deutertum, or a substituted or unsubsti-
tuted C1 to C10 alkyl group), and the like.

More specifically, the phosphate may be, for example,
mono-potassium phosphate, di-potasstum phosphate, tri-
potassium phosphate, mono-sodium phosphate, di-sodium
phosphate, tri-sodium phosphate, aluminum phosphate, zinc
phosphate, poly-ammomum phosphate, sodium-hexa-meta-
phosphate, mono-calcium phosphate, di-calcium phosphate,
and tri-calcium-phosphate, but i1s not limited thereto.

The phosphorous supplying material may be water-
soluble. In case the phosphorous supplying material 1s
water-soluble, 1ts reaction with lithium contained in the
lithium bearing solution may easily occur.

The extracted lithium phosphate may be extracted by
filtering the lithium-bearing solution.

The method of economical and eflicient extraction of
lithium from the lithium-containing solution by adding a
phosphorous supplying material to the solution to precipitate
lithium phosphate from the dissolved lithium may be per-
formed at room temperature or above. More specifically, the
step may be performed at 20° C. or above, 30° C. or above,
50° C. or above, or 90° C. or above.

The method may further include separation of 1mpurities
including magnestum, boron, or calcium in the brine, before
adding a phosphorus-supplying material to the brine to
extract lithtum dissolved therein into lithium phosphate.

The separation of impurities including magnesium, boron,
or calcium 1n the brine may be performed by adjusting pH
and sequentially separating magnesium, boron, and calcium.

Specifically, the magnesium may be produced into mag-
nesium hydroxide by adding negative hydroxide 1ons (e.g.,
NaOH) to a lithium-containing brine including Mg, B, and
Ca.

Herein, the hydroxide negative 1ons (e.g., NaOH) may
maintain pH of the brine in a range of 8.5 to 10.5 and cause
boron (e.g., boron 1ons) to be absorbed in the magnesium
hydroxide, co-precipitating the magnesium and boron.

The precipitated magnesium hydroxide absorbing boron
from the brine may be separated from the brine through
filtration, obtaiming both magnesium and boron and leaving
a filtrated solution.

After removing the magnestum and boron, hydroxide
negative 1ons or carbonate negative 1ons (e.g., NaOH or a
carbonate either singularly or as a mixture thereot) 1s added
to the remaining filtrate to maintain pH of the filtrate 1n a
range ol greater than or equal to about 12 and precipitate
calcium.

Herein, either precipitation of calctum hydroxide or cal-
cium carbonate may be determined by either use of negative
hydroxide 1ons or negative carbonate 10ns.

On the other hand, the impurities may be carbonated and
removed.

For example, calcium cations in the lithium-contaiming,
solution are reacted with carbonation gas and may be
separated into calcium carbonate.

5

10

15

20

25

30

35

40

45

50

55

60

65

8

The separation of the calcium cations 1 the lithium-
containing solution into calcium carbonate through a reac-
tion with carbonation gas may be performed at pH ranging
from 5 to 8.5. When the pH 1s 1n the range, the calcium 1ons
in the lithtum-containing solution may be selectively
extracted into carbonate.

When the pH 1s greater than about 8.5, magnesium
hydroxide 1s produced, failing 1n selectively separating
calcium 1ons. In addition, when the pH 1s smaller than about
5, calctum carbonate 1s not produced.

The method may further include reaction of the magne-
sium cations 1n the lithium-containing solution with carbon-
ation gas and separation of the magnesium cations into
magnesium carbonate.

I'he magnesium carbonate may be a magnesium hydrate,
and specifically, MgCO,.3H,0O.

The separation of magnesium carbonate by reacting the
magnesium cations in the lithium-containing solution with
carbonation gas may be performed at pH ranging from about
S to about 12.

When the pH 1s within the range, the magnesium 10ns 1n
the lithtum-containing solution may be selectively extracted
into carbonate. When the pH 1s greater than about 12, a lot
of alkal1 1s unnecessarily and 1s mefliciently consumed.

The method of extracting calcium or magnestum 1nto a
carbonate form by reacting calcium 1ons or magnesium 10ns
in the lithtum-containing solution with carbonation gas may
be appropriate for mass production. In addition, this method
may be eflectively applied to a consecutive process.

The separated lithium hydroxide aqueous solution 1s
reacted with carbonation gas or a carbonate-containming
material, obtaining lithtum carbonate.

Herein, the extracted lithium carbonate is filtered from the
hydroxide lithium aqueous solution and then sometimes
additionally cleaned to increase purity.

In fact, lithtum carbonate having high purity of greater
than or equal to 99.99% may be obtained by reacting the
hydroxide lithium aqueous solution concentrated through
the electrolysis with CO, gas.

The carbonation for forming carbonate may be performed
using the following consecutive carbonation device.

FIG. 1 1s a schematic diagram showing an overall struc-
ture of a carbonation device according to one embodiment of
the present mnvention.

Hereinaftter, the carbonation device 1s 1llustrated, referring
to FIG. 1.

According to one embodiment of the present invention,
the carbonation device 1includes a storage tank 1 storing and
supplying a solution for carbonation. The storage tank 1 1s
connected to a droplet spray unit 3 mounted 1n a carbonation
reaction tank 2 and a pipe for transporting the solution.

The droplet spray unit 3 consists of a high-pressure pump
4 and a droplet spray nozzle 5. Specifically, a bottom part of
the droplet spray nozzle 5 may be protruded from the top
inside part of the carbonation reaction tank 2.

Herein, there may be more than one droplet spray nozzle
5 depending on the amount of the solution for treatment.
When a plurality of the droplet spray nozzles S are mounted,
the droplet spray nozzles 5 may be adjusted to respectively
have different droplet dispersion angles, so that the droplets
dispersed from the droplet spray nozzles S may not interfere
with one another or contact the wall of the tank, increasing
elliciency of a carbonation reaction.

In addition, the droplet spray unit 3 includes the high-
pressure pump 4 and the droplet spray nozzle 5. The pressure
of the high-pressure pump 4 and the diameter of the droplet
spray nozzle 5 may be controlled to change the particle
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diameter of the droplets 1n a range of about 80 to about 200
um. The particle diameter of the droplets may be changed to
control the carbonation reaction.

The carbonation reaction tank 2 may be equipped with a
carbonation gas supplying unit 7. Specifically, the carbon-
ation gas supplying unit 7 1s mounted on the top of the
carbonation reaction tank 2.

The carbonation gas supplying unit 7 may consist of a
pressure measuring unit 8 for measuring carbonation gas
pressure inside the carbonation reaction tank 2, a carbon-
ation gas supply valve 9, and a pressure control valve 10 for
releasing a surplus pressure 1n the carbonation reaction tank
2 to adjust a pressure therein.

The pressure measuring unit 8 1s for measuring carbon-
ation gas pressure inside the tank and running the carbon-
ation gas supply valve 9 and the pressure control valve 10.
Accordingly, a pressure-measuring sensor of the pressure
measuring unit 8 1s positioned 1n the center of the carbon-
ation reaction tank 2 apart from the droplet spray nozzle 5
to minimize interference due to pressure of the droplets.

The carbonation gas supply valve 9 1s a device that
automatically supplies carbonation gas from a carbonation
gas storage tank 6 to the carbonation reaction tank 2 with a
predetermined pressure. When carbonation gas in the car-
bonation reaction tank 2 1s consumed due to a carbonation
reaction and decreases a pressure therein, the carbonation
gas supply valve 9 receives a signal from the pressure
measuring unit 8 and automatically supplies as much car-
bonation gas as 1s consumed.

The carbonation gas supply valve 9 may set a carbonation
gas pressure nside the carbonation reaction tank 2 1n a range
of a top pressure to 10 bar, a top pressure to 8 bar, a top
pressure to 5 bar, or a top pressure to 3 bar.

The pressure control valve 10 receives a signal from the
pressure measuring unit 8 and automatically runs and
releases surplus pressure when the carbonation reaction tank
2 has a higher pressure than a predetermined carbonation gas
pressure, resultantly controlling pressure 1n the carbonation
reaction tank 2.

In addition, the carbonation device may include a safety
valve 11 for rapidly removing excessive pressure 1n the tank.

The safety valve 11 automatically works and rapidly
releases pressure for safety when the carbonation reaction
tank 2 has a higher pressure than a predetermined pressure
due to a malfunction of the carbonation device.

The carbonation reaction tank 2 may be safely operated
under a pressure of greater than or equal to about 10 bar.

In addition, the droplets freely drop 1nside the carbonation
reaction tank 2. Herein, the carbonation device may have a
height of at least greater than or equal to about 3 meters such
that the droplets may freely drop.

In addition, the carbonation reaction tank 2 may have a
diameter of at least greater than or equal to 1 meter to
prevent the droplets from contacting the wall thereof during,
the free dropping of the droplets.

Further, the carbonation reaction tank 2 may be made of
PVC, PE, or a concrete structure with high strength to
prevent corrosion due to brine and the like.

When a metal such as stainless steel 1s used, the wall
surtace of the tank where brine contacts the stainless steel
that 1s weak against corrosion may be coated with TEFLON
(tetrafluoroethylene), urethane, or the like.

The alkali solution supply device may include a pH
measuring unit 12 measuring pH inside the carbonation
reaction tank 2; an alkali solution input pump 13 supplying
the carbonation reaction tank 2 with an alkali solution
depending on the pH measured by the pH measuring unit 12;
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and an alkali solution 1nput nozzle 14 connected to the alkali
solution mput pump 13 and supplying the carbonation
reaction tank 2 with the alkali solution.

The alkal1 solution may specifically be a NaOH solution.
The pH measuring unit 12 may automatically measure pH
of a reaction slurry and operate the alkali solution 1put
pump 13 using the measured signal.

Accordingly, the alkali solution may be supplied to the
reaction slurry to have a desired pH through the alkali
solution input nozzle 14.

Then, the alkali solution may be agitated with the slurry
using a slurry agitating unit 15 to promote the reaction.

In addition, the carbonation reaction tank 2 may include
a level measuring unit 16 for drawing out the reaction slurry
and a withdrawer for drawing out the slurry from inside of
the carbonation reaction tank.

The withdrawer for drawing out the slurry inside the
carbonation reaction tank may include a rotary dump valve
17.

The level measuring unit 16 may automatically measure
the level of slurry built up 1n the carbonation reaction tank
2 when the carbonation reaction 1s complete and then send
a signal to automatically operate the rotary dump valve 17.

The rotary dump valve 17 consecutively and automati-
cally releases the slurry from the carbonation reaction tank
2 based on the slurry level information received from the
level measuring unit 16 to maintain a predetermined slurry
level.

The rotary dump valve 17 may maintain air-tightness

during the operation to minimize a pressure change in the
carbonation reaction tank 2.
The slurry agitating unit 15 may prevent the extracted
carbonate from being precipitated and built up in the car-
bonation reaction tank 2, thus hindering operation of the
rotary dump valve 17.

On the carbonation reaction tank 2, a vacuum valve 18 1s
mounted and connected to a vacuum pump.

Hereinatter, operation of a carbonation device having the
alorementioned structure 1s illustrated as follows.

First of all, the vacuum valve 18 1s opened and the
vacuum pump 1s operated, removing the air remaining in the
carbonation reaction tank 2.

When the air 1n the carbonation reaction tank 2 1s suili-
ciently removed, the vacuum valve 1s closed, and the car-
bonation gas supply valve 9 1s opened to supply carbonation
gas to the carbonation reaction tank.

When a carbonation gas pressure inside the carbonation
reaction tank 2 reaches a predetermined level, the carbon-
ation gas supply valve 9 1s closed, and the droplet spray unit
3 1s operated to disperse droplets having a predetermined
particle diameter through the droplet spray nozzle 5 into the
tank 2.

For example, the dispersed droplets freely drop due to
gravity inside the carbonation reaction tank 2, and carbon-
ation gas that 1s excessively charged inside the tank 1is
dissolved in the droplets and forms carbonate ions (CO,>").
The carbonate ions (CO,*7) react with cations for carbon-
ation 1n the droplets and precipitate a carbonate.

Herein, the carbonation reaction may become eflicient
and maximized by adjusting the particle diameter of the
droplets and thus the specific surface area of the droplets
contacting carbonation gas, controlling the dropping speed
of the droplets, and thus a reaction time and regulating
pressure of the carbonation gas, and thus controlling disso-
lution speed of the carbonation gas.

.
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The carbonation reaction consumes carbonation gas
charged 1n the carbonation reaction tank 2 and reduces
pressure in the tank 2.

When the carbonation gas pressure 1s reduced, the pres-
sure measuring unit 8 senses the reduction and operates the
carbonation gas supply valve 9 and the pressure control
valve 10 to automatically maintain a predetermined carbon-
ation gas pressure in the carbonation reaction tank 2.

On the other hand, when a solution including a large
amount of cations for carbonation dissolved therein 1s car-
bonated, more carbonation gas 1s dissolved 1n the solution.
When the carbonation gas 1s dissolved 1n a large amount, pH
of the solution may drop to less than or equal to about 4 at
most.

Herein, the dissolved carbonation gas exists as bicarbon-
ate ions (HCO,'"). In general, a compound produced
through combination of the bicarbonate 1ons with cations
has high solubility and thus 1s not well extracted.

When this solution 1s released to the outside with normal
pressure, the oversaturated carbonation gas 1s rapidly
released, sharply deteriorating carbonation efliciency.

Accordingly, the bicarbonate ions (HCO,' ") are changed
into carbonate ions (CO,”7) and carbonate is precipitated by
increasing pH of the solution including carbonation gas
dissolved therein 1nside a carbonation reaction tank having
a pressure when the carbonation reaction 1s complete.

Specifically, pH of the solution 1n the carbonation reaction
tank 2 1s automatically measured using the pH measuring
unit 12, and the measured pH signal operates the alkali
solution 1nput pump 13.

The alkal1 solution mmput pump 13 may mject an alkali
solution through the alkali solution input nozzle 14 into the
bottom solution 1n the carbonation reaction tank 2, until the
bottom solution 1s adjusted to have a predetermined pH.

The slurry agitating unit 15 may play a role of rapidly
agitating the alkali solution with the slurry.

On the other hand, as droplets continually drop from the
top to the slurry complete with a carbonation reaction in the
carbonation reaction tank 2, the level of the slurry is
increased. When the level of the slurry reaches a predeter-
mined level, the level measuring unit 16 senses the reaching
of the predetermined level and automatically operates the
rotary dump valve 17 and consecutively releases the slurry
out of the carbonation reaction tank 2.

Herein, the slurry agitating unit 15 may prevent a car-
bonate precipitate in the slurry from settling and being built
up 1n the bottom of the tank.

The present invention 1s further illustrated by the follow-
ing examples, although the following examples relate to
preferred embodiments and are not to be construed as
limiting on the scope of the mvention.

COMPARATIVE EXAMPL.

(Ll

2'7.8 g of Iithium phosphate 1s put 1n 1 L of distilled water
heated up to 90° C. and the mixture 1s agitated, preparing a
lithium phosphate slurry

The lithrum phosphate slurry 1s filtered according to a
reaction time, and a filtrate obtained therefrom 1s used to
measure a lithium concentration. The results are provided in
FIG. 2.

As shown in FIG. 2, the lithium concentration after 2
hours 1s 0.062 g/L.. The lithium eluted up to 10 hours has
almost the same concentration as atorementioned.
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In other words, lithium phosphate 1s very stable 1n an
aqueous solution and thus 1s a sparingly soluble matenal.

EXAMPL

L1

55.6 g of lithtum phosphate was put in 1 L of distilled
water heated up to 90° C. The mixture was agitated for 30
minutes. Then, calcium hydroxide was added 1n an amount
of 59.2°7 g, corresponding to an equivalent of the lithium
phosphate, to the agitated mixture.

Herein, the lithium phosphate has a particle diameter of
13 um and a specific surface area of 54 m/g.

The slurry prepared by the lithium phosphate and the
calcium hydroxide was filtered according to reaction time,
and a filtrate obtained therefrom was used to measure a
lithium concentration. The results are provided i FIG. 2.

As shown 1n FIG. 2, the lithium concentration was 4.27
g/L, alter 2 hours and gradually increased up to 6.4 g/L after
10 hours. In other words, lithium elution from the lithium
phosphate was 1dentified.

Herein, the solution had pH of 10.5 after 2 hours. The pH
increased up to 11.0 after 10 hours. Accordingly, the solution

turned out to be a L1OH aqueous solution.

500 mL of the 6.4 g/IL L1OH solution was heated to
evaporate water and concentrate the volume down to hall,
and CO, (g) was 1njected therein at a rate of 0.5 L/min.

Herein, a precipitate therein was lithium carbonate. FIG.
3 shows 1ts XRD analysis result. In addition, impurities
mainly mcluded therein are provided in the following Table

1.

TABLE 1
Purity of
lithium
carbonate Impurity content (%)
(%) Na K Mg Ca B Cl SO,
99.9 0.05 <0.0001 0.0002 0.0018 0.0007 <0.001 <0.001

While this invention has been described in connection
with what 1s presently considered to be practical exemplary
embodiments, it 1s to be understood that the invention 1s not
limited to the disclosed embodiments, but, on the contrary,
1s 1ntended to cover various modifications and equivalent
arrangements 1ncluded within the spirit and scope of the
appended claims. Therefore, the aforementioned embodi-
ments should be understood to be exemplary but not limiting
the present mnvention 1 any way.

The mmvention claimed 1s:

1. A method of preparing a lithium hydroxide aqueous
solution, comprising:

preparing a lithium phosphate aqueous solution compris-

ing lithium phosphate particles;

adding a phosphate anion precipitation agent to the

lithium phosphate aqueous solution; and

precipitating a sparingly soluble phosphate compound

through a reaction between cations of the phosphate
anion precipitation agent and phosphate anions of the
lithium phosphate.

2. The method of claim 1, wherein the sparingly soluble
phosphate compound has lower solubility 1n water than the
lithium phosphate.

3. The method of claim 1 or 2, wherein the phosphate
anion precipitation agent 1s an oxide or hydroxide.
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4. The method of claim 1 or 2, wherein the cation of the
phosphate amion precipitation agent i1s an alkaline-earth
metal.

5. The method of claim 1 or 2, wherein the cation of the
phosphate anion precipitation agent 1s selected from cal-
cium, strontium, bartum, radium, beryllium, magnesium, or
a combination thereof.

6. The method of claim 1 or 2, wherein the phosphate

anion precipitation agent 1s calcium hydroxide.

7. The method of claiam 1 or 2, wherein the sparingly
soluble phosphate compound 1s hydroxyapatite.

8. The method of claim 1 or 2, wherein the lithium
phosphate particles 1n the lithium phosphate aqueous solu-
tion have a particle diameter ranging from about 0.01 um to
about 40 um.

9. The method of claim 1 or 2, wherein the lithium
phosphate particles 1n the lithium phosphate aqueous solu-
tion have a surface area ranging from about 1.0 m®/g to
about 100 m*/g.

10. The method of claim 1 or 2, wherein the phosphate
anion precipitation agent 1s comprised mm an amount of
greater than or equal to about 1 equivalent based on the
amount of lithtum phosphate 1n the lithium phosphate aque-
ous solution.

11. The method of claim 1 or 2, wherein the lithium
phosphate aqueous solution including the lithium phosphate
particles has a lithium phosphate concentration of greater
than or equal to about 0.01%.
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12. The method of claim 1 or 2, which further comprises
a separation of the precipitated sparingly soluble phosphate
compound from the lithum hydroxide aqueous solution.

13. The method of claim 12, which further comprises
concentrating the separated lithtum hydroxide aqueous solu-
tion using reverse 0smosis.

14. The method of claim 13, wherein the concentrated
lithium hydroxide aqueous solution has a concentration of
greater than or equal to about 9000 ppm.

15. The method of claim 1 or 2, wherein the lithium
phosphate 1s obtained by putting a phosphorus supplying
material mm a lithium-containing solution and extracting
lithium dissolved therein ito lithium phosphate.

16. The method of claim 135, wherein the phosphorus
supplying material 1s at least one selected from phosphorus,
phosphoric acid, or phosphate.

17. The method of claim 15, wherein the lithium-contain-
ing solution 1s brine.

18. The method of claim 17, further comprising separa-
tion of impurnties including at least one of magnesium,
boron, or calcium 1n the brine before putting the phosphorus
supplying material 1n the brine and extracting lithium dis-
solved therein into lithtum phosphate.

19. The method of claim 12, which further comprises
obtaining lithium carbonate by reacting the separated
lithium hydroxide aqueous solution with a carbonation gas
or a carbonate-containing material.

¥ ¥ H ¥ H
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